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The e f f e c t s  of ve ry  l a r g e  v o l c a n i c  e r u p t i o n s  a re  w e l l  documented i n  
many s tud ies ,  mos t l y  based on observa t ions  made on t h r e e  h i s t o r i c  e rup t i ons ,  
Lak i  1783; Tambora 1815 and Krakatau 1883. Such e r u p t i o n s  have e f f e c t s  t h a t  a r e  
c a t a s t r o p h i c  l o c a l l y  and measurable g l o b a l l y ,  b u t  i t  i s  n o t  c l e a r  t h a t  even t h e  
l a r g e s t  v o l c a n i c  e r u p t i o n s  have had g l o b a l  c a t a s t r o p h i c  e f f e c t s ,  n o r  caused 
mass e x t i n c t i o n s .  Two d i f f e r e n t  types  o f  v o l c a n i c  e r u p t i o n  have been 
cons idered as l i k e l y  t o  have t h e  most se r ious  widespread e f f e c t s :  l a r g e  s i l i c i c  
e x p l o s i v e  e r u p t i o n s  produc ing  hundreds o r  thousands o f  cub ic  k i l o m e t r e s  o f  
p y r o c l a s t i c  m a t e r i a l s ,  and e f f u s i v e  b a s a l t i c  e r u p t i o n s  produc ing  - 100 c u b i c  
k i l o m e t e r s  o f  l a v a .  I n  bo th  cases, t h e  g l o b a l  e f f e c t s  a r e  c l i m a t i c ,  and 
a t t r i b u t a b l e  t o  p roduc t i on  o f  s t r a t o s p h e r i c  aeroso ls .  

Volcanism i s  much t h e  most c a t a s t r o p h i c  endogenic process t h a t  can 
a f f e c t  t h e  Ear th .  Dur ing  l a r g e  s i l i c i c  p y r o c l a s t i c  e rup t i ons ,  a c a l d e r a  up t o  
lOkm i n  d iameter  may form i n  t h e  space o f  a few hours o r  days, w i t h  p y r o c l a s t i c  
f l o w s  t r a v e l l i n g  r a d i a l l y  outwards f o r  d i s tances  w e l l  i n  excess o f  100km. 
Rampino, S e l f  and S to the rs  [ l ]  have e x p l i c i t l y  addressed t h e  i s s u e  o f  whether 
l a r g e  v o l c a n i c  e r u p t i o n s  cou ld  cause "nuc lea r  w i n t e r s " .  They conclude t h a t  
w h i l e  t h e  env i ronmenta l  e f f e c t s  o f  t h e  l a r g e s t  e r u p t i o n s  would be severe, t h e  
res idence t i m e  o f  v o l c a n i c  aeroso ls  i n  t h e  s t ra tosphere  i s  t o o  s h o r t  t o  produce 
pro longed c l i m a t i c  c o o l i n g  and consequent mass e x t i n c t i o n s ,  un less  a p o s i t i v e  
feedback i s  invoked; f o r  example a few coo l  summers l e a d i n g  t o  inc reased 
accumulat ion o f  snow and i c e  a t  h i g h  l a t i t u d e s ,  so t h a t  t h e  inc reased albedo 
would f u r t h e r  coo l  t h e  Ear th .  Th is  feedback mechanism was f i r s t  suggested by 
Bray [ Z ]  . 

Other  p o s s i b i l i t i e s  need t o  be explored.  Recent research  on g l o b a l  
change has emphasized t h e  extreme s e n s i t i v i t y  o f  t h e  l i n k s  between oceanic  
c i r c u l a t i o n ,  atmospher ic c i r c u l a t i o n  and c l i m a t e .  I n  p a r t i c u l a r ,  i t  has been 
argued t h a t  t h e  p a t t e r n  o f  ocean c u r r e n t  c i r c u l a t i o n  (which s t r o n g l y  i n f l u e n c e s  
c l i m a t e )  i s  uns tab le ;  i t  may r a p i d l y  ' f l i p '  from one p a t t e r n  t o  a d i f f e r e n t  
one, w i t h  g l o b a l  c l i m a t i c  consequences. A p o s s i b l e  example o f  t h e  pro found 
changes t h a t  may be caused by minor  geo log i ca l  phenomena i s  t h e  d i v e r s i o n  of  
M i s s i s s i p p i  dra inages o f  n o r t h  America about 11,000 y r  BP: c o l d  me l twa te r  f rom 
t h e  n o r t h  American c o n t i n e n t a l  i c e  sheet was d i v e r t e d  eastward f rom Lake 
Agassiz a long t h e  S t .  Lawrence v a l l e y  i n  t o  t h e  n o r t h  A t l a n t i c ,  r a t h e r  than 
f l o w i n g  southwards i n t o  t h e  G u l f  o f  Mexico; about 10,000 yr  ago t h e  southward 
dra inage p a t t e r n  was r e s t a b l i s h e d  [3, and re fe rences  t h e r e i n ] .  The r a p i d  
c o o l i n g  o f  t h e  n o r t h  A t l a n t i c  caused an abrupt  r e t u r n  t o  severe I c e  Age 
c o n d i t i o n s  around t h e  n o r t h  A t l a n t i c  shores w i t h  consequent d ramat i c  ( b u t  n o t  
g l o b a l )  f l o r a l  and fauna l  changes - t h e  Younger Dryas. On a l a r g e r  sca le,  
Woodruff and Savin [4 ]  have r e l a t e d  profound changes i n  Miocene b e n t h i c  faunas 
between t h e  A t l a n t i c  and P a c i f i c  oceans a t  about 15 my ago t o  t h e  p i n c h i n g  o f f  
a southwards f l o w i n g  thermohal ine c u r r e n t  i n  t h e  I n d i a n  ocean. Closure o f  t h e  
B i t l i s - Z a g r o s  s e c t i o n  o f  t h e  Tethys ocean seems a p o s s i b l e  cause o f  cessa t ion  
o f  t h i s  southward f l o w  o f  warm s a l t y  water  [ S I .  
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I f  volcanism has been a f a c t o r  i n  global  environmental change and a 
cause o f  mass ext inct ions,  i t  seems most l i k e l y  t h a t  i t  has done so by 
prov id ing a ' t r i g g e r '  t o  other processes, f o r  example by d r i v i n g  oceanic 
c i r c u l a t i o n  from one mode t o  another. A r e l a t i v e l y  modest volcanic episode 
could e a s i l y  cause drainage modif icat ions comparable t o  t h a t  o f  the S t .  
Lawrence, w i t h  widespread and unpredictable environmental consequences. A 
major volcanic episode, comparable i n  magnitude w i t h  the Deccan traps, could 
have profound consequences i f  i t  took place i n  a l o c a t i o n  i n  which i t  d i r e c t l y  
perturbed oceanic c i r c u l a t i o n .  A t  the present day, f o r  example, i t  would be 
conceivable f o r  such an episode t o  e f f e c t i v e l y  c lose the Drake Passage between 
Antarc t ica and South America, i n t e r r u p t i n g  the c l i m a t i c a l l y  c r i t i c a l  
c i rcum-Antarct ic co ld  ocean current.  

The paleogeography o f  the world a t  the KT boundary i s  wel l  known 
through a wealth o f  geophysical and geological data; the paleoceanography i s  
hard ly  known a t  a l l .  I f  a t r i g g e r i n g  event o f  any k ind ( e x t r a - t e r r e s t r i a l  o r  
endogenic) were t o  take place, i t  i s  d i f f i c u l t  t o  r e t r o d i c t  i t s  f u l l  g lobal  
imp1 i ca t i ons .  
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